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T h i s  report  i s  issued i n  compliance wi th  the terms o f  the above 
contract as a summarizing statement o f  the work accomplished dur ing the 
term o f  the Contract. 
* 
SUMMARY 
Our o r i g i n a l  statement o f  proposed work indicated i n  o u t l i n e  
the neurophysiological corre la tes which might be found ind i ca t i ve  of  
physiological  as wel l  as psychological states. Not only are these 
correlates i nd i ca t i ve  o f  the "steady s tate"  condi t ion,  but they are 
a l s o  sensi t ive c r i t e r i a  f o r  the determination o f  changes i n  state. 
The use o f  computer analysis f o r  the evaluat ion o f  the electroencephalogram 
has been developed in t h i s  laboratory t o  study a broad gamut of 
physiological  states i n  the mammalian organism. These have included 
extensive analyses o f  sleep states a s  wel l  as the a l e r t ,  h igh ly-or iented 
and goal d i rected behavior exhibi ted by animals in  a performance task 
s i t ua t i on .  
t o  es tab l i sh  by systematic study the r o l e  o f  environmental s t i m u l i  i n  
determining centra l  nervous processes. The fundamental informat ion 
obtained from these studies would then serve as c r i t e r i a  f o r  the 
evaluat ion o f  changes occurr ing i n  the centra l  nervous system of a 
primate exposed t o  a weightless envi ronment f o r  prolonged periods. 
It was the purpose o f  the work undertaken in  t h i s  contract  
The e f f e c t s  o f  proprioceptive and ves t i bu la r  inputs i n te rac t i ng  
wi th  v isual  cues are wel l  known i n  es tab l i sh ing  stable posture and spa t ia l  
or ientat ion.  Because o f  i t s  r e l a t i v e l y  c lea r  anatomical organizat ion 
as wel l  as substant ia l  knowledge o f  i t s  arrangement in informat lon 
processing, t h i s  p a r t i c u l a r  mechanism was chosen t o  serve as the nucleus 
around which our studies i n  propr iocept ion would be formulated. 
Intensive preparations were i n i t i a t e d  t o  provide experimental animals 
as wel l  as apparatus necessary t o  c o l l e c t  neurophysiological data from 
monkeys manipulated i n  ways t o  d i r e c t l y  inf luence the mechanisms involved 
in visuomotor co-ordination, or ientat  ion and posture. This laboratory 
has long been engaged i n  the study o f  EEG corre la ted o f  behavior t h a t  
might be brought t o  bear on assessment o f  the c a p a b i l i t y  o f  the animal t o  
perform d i sc r im ina t i ve  and coordinated tasks. Experimental paradigms 
have been designed t o  accompl ish these purposes w i th  appropriate 
sens I t i v i t y  . 
This program w i l l  form the s c i e n t i f i c  basis f o r  the B i o s a t e l l i t e  
experiments in the study o f  the e f f e c t s  o f  weightlessness on the 
mammalian organism, wi th special emphasis on the ef fects  of prot racted 
exposure. 
/ -  
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Recognizing tha t  the mammalian organism i s  h i g h l y  complex w i t h  
many subsysems ac t i ng  synerg i s t i ca l l y  t o  maintain the whole, as 
many physiological  parameters as possible are being monitored w i t h  
a range of  techniques in  many instances in  the f o r e f r o n t  of current 
states o f  the a r t .  These parameters w i l l  serve as con t ro l s  and as 
ind icators  o f  a l t e r a t i o n s  i n  the global s ta te  o f  the animal, thus 
tak ing account o f  body systems peripheral t o  the p a r t i c u l a r  one 
under study. The physiological  var iables considered are: systemic 
and per ipheral  a r t e r i a l  btood pressure, venous blood pressure, b ra in  
P02, i n t rac ran ia l  pressure, GSR, heart rate, respi ra t ion,  muscle tone, 
eye movements, and ref lexes i n  addi t ion t o  the many recordings made 
from various c o r t i c a l  and subcort ical structures i n  the brain.  These 
parameters w i l l  a l so  be supported by various behavioral measures 
estimated by means o f  a vistiomotor coordination and odd i t y  d iscr im-  
i n a t i o n  tasks, as we l l  as tasks which w i l l  assess short-term and 
long-term memory. An evaluat ion o f  the behavioral performance i s  
expected t o  reveal such a l t e r a t i o n s  in  s ta te  as w i l l  be produced by 
a s t ressfu l  environment and d i s t r a c t i n g  events. To provide one 
f u r t h e r  c r i t e r i o n  f o r  the assessment o f  stress levels, evaluations 
w i l l  be made o f  the u r ina ry  co r t i cos te ro id  output, and t o  evaluate 
t rans ien t  stress phenomenon, s im i la r  biochemical assays may be made 
in blood. 
RESEARCH ACCOMPLISHMENT 
Studies r e l a t i n g  t o  the influence o f  propr iocept ive mechanisms 
have been conducted in a h i g h l y  sophist icated experiment concerned 
exc lus ive ly  w i t h  t h i s  question, 
prepared by sect ioning the V I  I I nerve b i l a t e r a l  l y  t o  remove ves t i bu la r  
s e n s i b i l i t y ,  then v ibrated on an i ndus t r i a l  shake tab le whi le  recordings 
were made o f  the EEG i n  surface and deep b ra in  structures.  
i t  was planned t o  subject the data to computer analysis, precise 
measurements o f  accelerat ions of the animals' head and t o r s o  and the 
tab le  were a l s o  made. The head accelerat ion was measured i n  three 
planes t o  es tab l i sh  d i r e c t i o n a l  dependencies, i f  any. S i x  animals 
were prepared, three w i t h  the nerves sectioned and three normals. 
Animals which were s p e c i f i c a l l y  
Since 
The s i x  animals were subjected to  v ib ra t i ons  which swept up and 
down i n  frequency from 5 cps t o  40 cps w i t h  a short r e s t i n g  period 
between sweeps. 
placement o f  0.25 inches peak t o  peak from 5 cps t o  approximately 
13 cps where t h i s  displacement produced a 26 peak accelerat ion. 
The remaining p o r t i o n  o f  the swept spectrum was then run a t  a con- 
s tant  2G peak accelerat ion. A l l  animals were run b l i nd fo lded  t o  
minimize centra l  nervoas ef fects ,  including "photic dr iv ing",  from 
rhythmic v isual  inputs, 
The amplitude of the v ib ra t i ons  was a constant d i s -  
'FZ . , ' . 
, * -  
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The EEG were recorded from bra in  stem structures, as w e l l  as from 
a l l o c o r t i c a l  and neocort ical  areas, A l l  data were recorded on paper 
and magnetic tape. 
Although a l l  of the data col lected in  the experiment have n o t  
yet  been analyzed, a p a r t i a l  analysis o f  the data has shown a 
d e f i n i t e  dependency o f  the EEG in central b ra in  s t ructures on 
ves t i bu la r  input. The ves t i bu la r  and propr iocept ive inputs r e s u l t i n g  
from the whole body v i b r a t i o n  appear t o  have mutual inf luence on the 
EEG. Sectioned animals seem t o  e x h i b i t  a greater EEG d r i v i n g  in  
synchrony w i t h  the v ib ra to ry  input than the unsectioned animals i n  
midbrain and thalamic structures. The imp1 icat ions o f  these f ind ings 
are, o f  course, very broad, since augmented responsiveness occurs 
here i n  regions v i t a l l y  concerned in  basic mechanisms o f  conscious- 
ness and a le r ted  behavior, 
Hasty conclusions must be avoided on Jimitdd oxpdrimental evidence, 
but an obvious hypothesis c e r t a i n l y  warrants fu r the r  study. I f  the 
v e s t i b u l a r  mechanism plays a modulating r o l e  which modif ies the propr io-  
cept ive response t o  the same environmental input, then an environment 
which perturbs ves t i bu la r  functions w i  1 1  probably a l t e r  aspects o f  
b r a i n  i n teg ra t i ve  capabil  I t y .  The disturbance may not necessar i ly  
be e n t i r e l y  d isrupt ive.  i n  the weightless state, removal of  ves t i bu la r  
inf luence may have an advantageous e f f e c t  on the decreased p rop r io -  
cept ive input. 
A behavioral performance task has been designed which i s  expected 
t o  provide an assessment o f  the aspects o f  CNS funct ion which re la tes  
t o  visuomotor coordination, d iscr iminatory a b i l i t y  and memory. 
choice o f  these areas o f  primary in terest  was necessar i ly  d i c ta ted  
by the l i m i t a t i o n s  imposed by the vehic le which has been made ava i l ab le  
f o r  t h i s  experiment. 
which houses two basic tasks. A drawing of  t h i s  device i s  included 
in  the appendices. Visuomotor coordination w i l l  be tested by means 
o f  two concentr ic discs which rotate i n  the same d i r e c t i o n  but a t  
s l i g h t l y  d i f f e r e n t  speeds. The d i s c  nearest the animal w i l l  have 
a hole cut in i t s  periphery whi le  the back d i s c  w i l l  have a push 
bu t ton  switch mounted i n  i t s  periphery. The r a d i i  o f  switch and 
hole w i l l  be i den t i ca l  so that when they are coincident, the switch 
i s  ava i l ab le  t o  the animal. 
d i f f e r e n t  speeds, the precession w i l l  cause the manipulanda t o  be 
co inc ident  wi th  the hole a t  d i f f e r e n t  po ints  o f  the c i r c u l a r  
path. The animal i s  thus required t o  v i s u a l l y  t rack the switch and 
the hole simultaneously and then make a h i g h l y  coordinated move- 
ment a t  the appropriate time t o  operate the switch. Two successful 
t r i e s  a r e  rewarded wi th  a food pe l l e t .  
The 
Implementations of the tes ts  i s  through a device 
Since the discs r o t a t e  a t  s l i g h t l y  
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Ear ly  t r i a l s  w i t h  t h i s  device have indicated tha t  a normal animal 
can successful ly perfonn t h i s  task a t  very htgh speeds o f  ro tat ion.  
Speeds of 80 r p  dur ing which the opportuni ty t o  operate the switch 
l a s t s  f o r  only 1.5 seconds appear to  be we l l  w i t h i n  the c a p a b i l i t y  
o f  the animal. 
speeds i s  most des i rab le since i t  i s  i n d i c a t i v e  o f  a very sens i t i ve  
way in  which t o  study decrements i n  visuomotor coordinations. 
The animalrs a b t l t t y  t o  perform the task a t  these 
The short term memory and d iscr iminat ion task i s  the t y p i c a l  delayed- 
match-to-sample performance s i t u a t  ion. Located c e n t r a l l y  i n  the 
behavioral tester ,  i l l u s t r a t e d  in the appendices, a re  f i v e  glow 
discharge tubes. The tubes have been manufactured s p e c i f i c a l l y  f o r  
t h i s  purpose by the use o f  symbols in  place o f  the usual nwnesrabs. 
These tubes are arranged w i t h  four per iphera l  u n i t s  and one centra l  
and are located behind transparent windows w h i c h  serve as switch 
plates. The animal's response i n  t h i s  t e s t  requires pressing "at1' 
the symbol behind the window, The task i t s e l f  i s  pre-programmed 
through the behavioral l o g i c  I n  the fo l l ow ing  sequence. One o f  
the four  possible symbols i s  selected randomly by the l o g i c  and 
displayed i n  the centra l  window. When the animal presses tha t  window, 
the symbol i s  removed f o r  a predetermined length o f  time. A t  the 
end o f  time out, the selected symbol i s  again displayed in one of the 
fou r  per ipheral  windows, whi le simultaneously, other symbols appear 
in  the remaining three windows. The successful response t o  t h i s  
task i s  t o  operate the switch p la te  over the "correct" symbol. The 
animal i s  thus required t o  remember and d iscr iminate the correct  
symbol. Two successful operations r e s u l t  i n  an opportuni ty t o  
ob ta in  a food p e l l e t .  
Prel iminary t e s t s  w i t h  animals working in  t h i s  p a r t i c u l a r  paradigm 
have indicated a c r i t i c a l  cha rac te r i s t i c  f o r  the delay period, The 
animals d isp lay indecisiveness manifested by rap id movements o f  
t h e i r  hands over several o f  the windows without producing enough 
force t o  operate the switch. When the choice has been reduced t o  
two symbols, the subjects w i l l  place one hand on each window and 
f i n a l l y  press one, 
appropr iate re in fo rc ing  sound, ind icat ing a correct  response, the 
animal w i l l  respond w i t h i n  mil l iseconds by pressing another window 
w i t h  the other hand. T h i s  task i s  expected t o  be p a r t i c u l a r l y  
adapted t o  the i nves t i ga t i on  o f  CNS funct ion as an i nd i ca to r  o f  the 
a b i l i t y  o f  the animal t o  perform a complex d i sc r im ina t i on  
s u b s t a n t i a l l y  more d i f f i c u l t  than simple symbol i d e n t i f i c a t i o n .  
I f  the feeder relay does not  then make the 
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Both o f  these behavioral tasks w i l l  be evaluated in  tb laboratory 
under various s t r e s s f u l  states a r t i f i c a i l l y  induced t o  simulate the 
ant ic ipated condi t ions o f  protracted space f l i g h t .  Decrements i n  
performance and t h e i r  concomitant changes in  the BEG pat terns w i l l  
be studied under the e f f e c t s  of  sleep depr ivat ion,  d i s t r a c t i o n ,  
s h i f t s  i n  t e s t  parameters, food deprivation, and the inf luence of 
sane drugs known t o  produce d i so r ien ta t  ion. Such studies w i l l  
form the baselines against  which the data co l l ec ted  dur ing the 
actual  f l  ight  w i l l  be evaluated. 
Quite aside from the aspects of a s ing le experiment in  space, 
t h i s  study i s  a l s o  expected t o  contr ibute s i g n i f i c a n t l y  t o  basic 
knowledge in  the areas o f  learning and behavior, 

. .  
Monkey Centrifuge and Spin 
Simulated Launch and Insert  ion-spin 
Acceleration Prof i les 
Appendix I I 
Summary o f  Results 
il 
B i o s a t e l l i t e  space c r a f t  launch, s tab i l  i t a t i o n  and inse r t i on  i n t o  o r b i t  
p r o f  i l e  
T e s t s  conducted a t  USC centr i fuge f a c i l i t y  12/11/63 
Thi.s p re l  iminary report summarizes the resu l t s  o f  an experiment 
conducted during the NASA-Ames series o f  t es ts  a t  the USC f a c i l i t y .  We 
are indebted t o  the Ames group f o r  al lowing us t o  s l i p  i n t o  t h e i r  schedule 
an experiment using an implanted monkey N-6  (Pluto).  
o f  th is  experiment were threefold, f i r s t  t o  t e s t  the f e a s i b i l i t y  o f  obta in ing 
EEG dur ing th i s  test ,  second the e f fec ts  o f  t h i s  type o f  stress on the EEG, 
and t h i r d l y ,  t o  t e s t  the d e s i r a b i l i t y  o f  the eye b a l l s  out (EBO) p o s i t i o n  
in a proposed launch p r o f i l e .  
The primary object ives 
The resu l t s  presented i n  t h i s  report indicate a need f o r  several 
more experiments o f  t h i s  nature t o  be ca r r i ed  out  w i t h i n  the confines o f  
a r e l a t i v e l y  l i m i t e d  scope of  objectives, w i t h  the prime object ive o f  
estab l ish ing base l i ne  informat ion for  t h i s  p a r t i c u l a r  phase o f  the e n t i r e  
b i o s a t e l l  i te  program. 
These resu l t s  a l s o  demonstrate tha t  the ever present inf luence o f  
the IG environment may s t i l l  prevent an adequate s imulat ion o f  the actual  
course o f  events i n  the weightless state. This compounding o f  the s imulat ion 
problem seems t o  be heightened by the need f o r  the 100 rpm s t a b i l  i z a t i o n  
spin. I n  t h i s  regard, the €BO conf igurat ion f o r  launch appears t o  be only 
a questionable second best solut ion. In  s p i t e  o f  the complex and h i g h l y  
s t r e s s f u l  gyrations, recording EEG from implanted electrodes has once 
again proven t o  be a p r a c t i c a l ,  s ign i f icant ,  and safe physiological  monitor ing 
technique. 
1. Gross observations made a t  the time o f  the experiment may be summarized 
as fol lows: 
a. The animal appeared t o  be unaffected by the s i t u a t i o n  p r i o r  t o  
the run. He remained very t rac tab le  and was e a s i l y  handled. 
He sat comfortably in the cha i r  and of fered l i t t l e  ob ject ion t o  
the res t ra in t .  However, he d i d  chew frequent ly on some adhesive 
tape and webbing l y i n g  within reach. 
-2 - 
2. 
b. Discomfort was displayed when the animal had been placed i n  the 
face down posi t ion.  However, there were no ind icat ions o f  
v i o l e n t  e f f o r t s  t o  f ree himself f rom the r e s t r a i n t .  
c. The animal appeared t o  withstand up t o  69 without any i nd i ca t i on  
of stress. 
l i d s  became noticeable. 
the l i p s  and by the  l l g  both l i d s  have swelled t o  the po in t  
where the eyes were closed by the swell ing. 
the end of the run, the animal appeared dazed and unable t o  
respond t o  audi tory o r  v isual  stimu:i. He would not accept 
food. M i t h i n  a few minutes, however, he accepted food, had 
pupi 1 l a r y  responses, responded t o  c l  icks and appeared weakened 
but not  injured. 
However, a t  about 89 a swel l ing o f  the lower eye 
A t  about log there was a f l a c c i d i t y  o f  
Immediately a f t e r  
d. Wi th in  15 t o  20 minutes a f t e r  the run, the animal when supported 
in a standing p o s i t i o n  on the f l o o r  appeared weak i n  the legs 
and showed a desire t o  l i e  on the f l oo r .  When moved along the 
f l o o r  i n  a standing pos i t i on  w i t h  h i s  feet  touching the f l oo r ,  
he was unable t o  make coordinated walking movements. When moved 
e the backward, however, he seemed t o  be able t o  coordina 
movement o f  h i s  legs. 
e. A f t e r  the walking tests,  the animal was placed i n  h 
presented wi th f r u i t  which he a te  w i t h  normal v igo r  
appeti te. H i s  feeding habi ts appeared t o  be normal 
s cage and 
and 
i n  every 
respect including the peeling o f  the f r u i t  before eating. H i s  
arms, hands and jaw seemed t o  be funct ioning a t  o r  near the 
muscular tonus normal l y  observed. 
Extensive sub-conjunct i v a l  bleeding and blood i n  the a n t e r i o r  
chamber o f  the eyes was noted. 
from the nose;, apparently from the Kiesselbach's area. The f indings 
c l e a r l y  indicate that  the animal would be unable t o  see any form o f  
v i sua l  presentation f o r  some time a f t e r  exposure to the p r o f i l e .  
There were ind icat ions o f  bleeding 
. - .  
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3 .  X-rays show no displacement o f  the depth electrodes, Previous 
h i s t o l o g i c a l  examination o f  one of  our animals centr i fuged a t  the 
General E l e c t r i c  f a c i l i t y  on the same centr i fuge-spin p r o f i l e  has 
demonstrated tha t  no electrode movements had taken place which 
could cause t issue damage. 
A page referenced, running commentary obtained dur ing the test ,  i s  
a l so  included t o  provide a general time course o f  events p ic ture.  
The EEG machine and the tape recorder were operated continuously dur ing 
the e n t i r e  run. Recordings were made of  the EEG frm screws located 
over the l e f t  v isual  cortex, and b i p o l a r  depth electrodes located in 
the r i g h t  amygdala, r i g h t  hippocampus and the r i g h t  midbrain r e t i c u l a r  
fotmation. The EKG was a l s o  recorded. A l l  voice comments were 
recorded on a d i r e c t  channel, The voice annotation proved very 
useful  i n  establ ish ing reference points  whi le  viewing the motion 
p i c t u r e  f i l m s  made dur ing the tests.  
we would hope t o  establ ish bet ter  t iming coordination w i t h  an 
i nd i ca to r  on the animal frame t o  synchronize the commentary and 
paper record w i t h  the f i l m .  
' 
4, 
I n  fu ture experiments, however, 
5. The three EEG p la tes were made up o f  sections o f  record selected 
f o r  t h e i r  relevance t o  p a r t i c u l a r  events. The notat ions on the 
p la tes are sel f -explanatory but a few things should be pointed out. 
Figure 1A has been marked a t  the p o i n t  a t  which the centr i fuge and 
the camera are started, A noticeable a r t i f a c t  i s  introduced by 
the camera motor due t o  an unfortunate placement o f  the EEG cables 
near the camera motor housing. However, the s ign i f icance o f  
the data was not impaired. The EEG f ind ings c l e a r l y  reveal extreme 
arousal in the i n i t i a l  phases o f  the centr i fug ing,  w i t h  increased 
amplitude in  both slow and f a s t  EEG components. Note the onset 
o f  large amplitude (100 uv) slow 1 cps a c t i v i t y  which becomes 
prominent i n  the v i sua l  cortex leads and then apparent in  the 
other leads as the centr i fuge begins t o  approach the f u l l  G 
load. 
as we11 as blocking o f  the EKG a m p l i f i e r  by excessively large 
t rans ien t  voltage peaks. I t  has been impossible t o  assess the heart  
The EKG was obl i terated by the h igh amplitude EMG (from struggl ing),  
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rate during ce r ta in  c r i t i c a l  phases of these t e s t s  as a resu l t  
o f  the excessive masking o f  the EKG. It i s  u n l i k e l y  that  any 
other system o f  electrocardiographic recording would overcome 
t h i s  basic defect o f  inherent interference from electromyographic 
a c t i v i t y  in  the s t ruggl ing or s t ra in ing  subject. 
In  Plate 2, t y p i c a l  records have been selected from the coasting 
spin phase o f  the run. During the coasting period, a pronounced cardiac 
arrythmia appeared, accompanied by bursts o f  very h igh  amplitude 6 cps 
a c t i v i t y  i n  a l l  EEG leads. I t  may be emphasized tha t  t h i s  abnormal EEG 
was most frequently seen t o  precede the onset o f  arrythmia implying s a w  
form o f  Cns inf luence on heart  action. This p a r t i c u l a r  f i nd ing  i s  one 
which we are most interested i n  pursuing in fu ture experimentation o f  t h i s  
type. The spin-up phase (Plate 28) induced very large amp1 i tude waves i n  
the frequency range o f  4 t o  6 cps i n  the v isual  cortex. No fu r the r  study 
has yet been attempted t o  re la te  these waves t o  the ra te  o f  rotat ion,  but 
these waves may be due t o  some form o f  v isual  input. The spikes seen in  
the v isual  cortex and amygdala in  Plate 2C are d e f i n i t e l y  abnormal and 
appear as the centr i fuge approaches 5.5s dur ing the spin phase. With 
the centr i fuge stopped whi le the spin continues, the spike l i k e  character 
o f  the EEG persists.  I n  general form, the EEG i s  d i f f e r e n t  during the 
spin phase from any other phase of  the test .  
phase of the tes ts  was an almost sinusoidal rhythmic i ty  in the EKG lead 
dur ing cen t r i f uga t ion  and spin, which corresponded p rec i se l y  wi th the 
r o t a t i o n  rate. This f i nd ing  appears to  be i n d i c a t i v e  o f  a very important 
factor ,  i f  the electrodes were moving r e l a t i v e  t o  the sk in  t o  produce the 
a r t i f a c t u a l  voltage, there must have ex is ted sane rather  large forces 
which can be c l a s s i f i e d  essen t ia l l y  as v ibratory .  This conclusion 
i s  based on the rather complex mot ims o f  the G vector dur ing t h i s  
p a r t i c u l a r  phase. An exact analysis of the G vector  o r i e n t a t i o n  a t  various 
p o i n t s  on the animal may be a valuable b i t  o f  informat ion since this s imulat ion 
experiment cannot e l iminate the  ef fects  o f  g rav i t y .  
imposed G loading dur ing the spin phase cannot be read i l y  assessed under 
these condit ions because ne i the r  of these two factors  taken alone seem t o  
produce the same ef fect .  The r o l e  o f  the ea r th ' s  g r a v i t a t i o n  i n  t h i s  test ,  
may thus assume s i g n i f i c a n t  proportions. 
Also noted dur ing t h i s  
The e f f e c t s  o f  the 
-5 - 
The post-spin phase showed a record very l i k e  the pre-test  record, 
except t ha t  a l l  leads had bursts o f  h igh frequencies (16-20 cps) w i th  
occasional spik ing i n  the visua 
(Plate 3 ) .  There was a general 
the frequencies 6-10 cps in  tile 
spectral dens i t i es  become avai 
completed . 
cortex and the midbrain r e t i c u l a r  formation 
decrease of a c t i v i t y  i n  the amplitude o f  
depth leads. More quan t i t a t i ve  data on 
able when fu r the r  analyses have been 
However, it i s  possible a t  t h i s  stage t o  s tate unequivocal ly t ha t  
the EEG records have revealed clear ly,  changes associated w i t h  e x t  reme 
a l e r t i n g  and w i t h  impaired cardiovasuclar r e f l e x  control .  I n  the l a t t e r  
phase, the records indicated strong p r o b a b i l i t y  t ha t  there were epochs o f  
impaired a t t e n t i o n  1 i k e l y  t o  be associated w i th  defect ive judgement. 
P late 3 a l s o  shows an open c i r c u i t  noise tes t  o f  the e n t i r e  system. 
T h i s  t e s t  was conducted immediately a f t e r  the cables were removed from 
the animal and a l l  other connections were s t i l l  in tact .  
Although d e f i n i t i v e  conclusions are impossible on the basis o f  the 
r e s u l t s  o f  one experiment, c e r t a i n  impressions seem s u f f i c i e n t l y  c lea r  
t o  m e r i t  fur ther  invest igat ion,  Also, some improvements in  methodology 
suggested themselves as indispensable in  fu ture experiments. Several 
o f  these are summarized as fol lows: 
Follow up experiments 
1. 
2. The separation o f  v isual  and propr iocept ive input, espec ia l l y  
The re la t i onsh ip  o f  CNS a c t i v i t y  t o  cardiac anmal ies,  
dur ing the spin phase. 
3 .  Invest igat ion o f  a larger number o f  areas in the brain,  
especia l ly  as regards b i l a t e r a l  symmetry. 
Mod i f i cat i ons i n me thodol og y 
1. Increase the number o f  avai lable EEG channels. 
2. Provide be t te r  synchronization between the experiment and the 
record i ng . 
Attempts t o  improve EKG electrode system. 3. 
I -6 - 
d 
I n  sp i te  o f  the need f o r  additional experiments incorporating these 
improvements i t  was c l e a r l y  shown that an animal implanted i n  t h i s  way, 
together wi th  the instrumentations used, y i e l d  s ign i f icant  physiological 
data scarcely obtainable i n  any other way. 
. -- . 
. Monkey Centr i fuge - S p i n  Run N6 Dec. 1963. 
12-11-63 EEG Running Commentary. Time - 5 sec/page. 
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a. Lowered i n t o  pos it ion ( face down) 
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Go. Camera s ta r ts .  
2 G. Looking around. 
4 G. Fac ia l  d is to r t ion .  
6 G. Arrhythmia, bradycardia 
7 G. 
8 G. Dropping beats. 
9 G . Desynchron i zed. 
10 G. 
Facia 1 d i s  t o r t  ion. 
11  G. Tongue out. Eyes shut. 
Tongue and l i p s  discoloring. 
12 G. Eyes shut. 
Centr i fuge down. 
1 G. Arrhythmia 
Desynchronized EEG and slow waves. 
Tachycardia but a l te red  complex. 
S low waves gone. 
S h o r t  a rrhythmi c episode. 
Centr ifuqe stopped. 
r -' . _  .- * .  
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Monkey Centrifuge, EEG Running commentary cont. 
General 3 - 4 cps. 
Ca rd iovascu la r i r regu la r i t i € 5  - - , : s S  slow waves. 
Cardiovascular irregularit;-. h i g h  slow waves. 
Eye1 ids closed. 
Camera on. 
et. seq. Heart regular. 
Start flywheel. 
Eyes partially open. 
Start sp i n. 
Spin and centrifuge t o  4 G. 
Blinking and missed beats. 
Big waves 
5 G o  
6 G. 
Centrifuge 
n visual (photic ?) 
slowing, still spinning. 
A 1 tered EKG . 
Head twitches and tilts 45' to left. 
Stop spin. . 
Amp 1 i tude decreased. 
Door open. 
Turns and finger$ snap. 
F1 ipped to horizontal. 
Flipped to vertical. 
$-o 
Eyes swollen closed, nose bleeding. 
EEG resembles control. 
Light response. Refuses food. 
534 S h i ver i ng . 
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